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and it is not possible to present or discuss comparative analyses for all proteins 116 across all metrics [5, 10, 12] . Therefore we have presented the analyses for all protein 117 in the supplementary information and have compared interesting cases in the main 118 text of the paper. Orientation of Omps in varying levels of LPS. 127 Molecular Dynamics is an established technique for prediction of protein orientation 128 within membranes. In particular the smoother energy landscapes and longer 129 timescales accessible to coarse-methods make them especially useful for this a route to determining equilibrium protein orientation that is independent of the 136 initial orientation [5] . We have calculated the tilt angle with respect to the membrane 137 plane of all six proteins in the four model membranes summarised in Table 1 138 (Figures 1 and S1 ). that is contained within the outer leaflet and the region that is found in the inner 183 leaflet. We calculated the centre of geometry motion of each portion of the barrel 184 for time period 0-30 ns (Figures 2 and S3 ). It can be clearly seen that in general, the 185 portion of the protein in the inner leaflet samples more of the membrane than the 186 portion within the outer leaflet, but the trend is more marked in the smaller proteins. interactions, therefore having basic residues in these loops would likely alter the 241 propensity of the protein to dimerise/destabilise the dimerization interface [15, 16] .
242
The dimer was not studied here as OmpA is thought to be present mostly in the 243 monomeric form. 263 from 25-30 s across both repeats. Each row corresponds to a given protein, while each 264 column corresponds to the LPS system the protein was embedded in (see Table 1 ). Every Lipid A in the X-ray structure ( Figure 5 ). Lakey and co-workers have shown that 
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The contact analysis was carried out from 25-30 s using a cutoff of 0.6 nm (as is 309 standard for CG models). Each residue was coloured based on their respective number of 310 contacts from low (blue) to high (red). The residues identified in Figure 5A are marked 311 for the sake of comparison.
313
Thus far the analyses have been protein-focussed; but it is just as important from Membrane thickness and lipid enrichment/depletion. 319 Previous simulation studies have shown that Omps have a tendency to cause local 320 thinning of phospholipid bilayers [12, 19] . Given the lipid A tails are shorter than 321 the tails of the phospholipids used in both leaflets of the bilayer in previous studies,
322
it is of interest to determine whether Omps induce also induce thinning of the more 323 biologically relevant models of the outer membrane used here. Indeed, we find the 324 membrane to be thinner within ~ 2.5 nm of all six proteins, in all 4 outer membrane 325 models, beyond which can be considered 'bulk' membrane ( Figure S8 ). This is the 326 same distance from the protein that membrane thinning and thickening effects were within a given radius around the protein rather than details of specific regions within 344 that radius. To get a more detailed characterisation of specific regions of lipid 345 depletion or enrichment, contact maps of PG with each protein were determined for the 25-30 s interval of each system ( Figures 6A and S9 ). We then cross-referenced 347 to determine persistent binding site between repeat simulations of the same protein. 348 We found that in particular FhuA and BtuB had prominent PG binding sites. The leaflet. This compensation effect is also seen in simulations of OmpX and BtuB. 363 We previously reported this phenomenon in simulations of OmpA and OmpF.
364
Extension to four additional Omps in the present study reveals that the effect is (Figure 7) . It is interesting to note that 407 EstA also showed a greater propensity of O-Antigen tilt at short-ranges even though 408 the transmembrane region of EstA is not much larger than that of OmpA; this We have shown that the six outer membrane proteins we have studied here, OmpA, which is known to be crowded by proteins, it is likely that the orientations of the 490 proteins will also vary as a function of which other proteins are nearby, for the 491 reasons already discussed; namely compositional differences. Hoover thermostat [25, 26] . Electrostatic interactions were treated with the smooth 521 particle mesh Ewald algorithm with a short-range cut-off of 0.9 nm, while the van 522 der Waals interactions were truncated at 1.4 nm with long-range dispersion 523 corrections for energy and pressure [27] . All bonds were constrained with the LINCS 524 algorithm, enabling a timestep of 2 fs [28] .
525
Subsequently, the united-atom particles were mapped into coarse-grain pseudo- with a coupling constant of 1.0 ps. Initial minimisations followed the CHARMM-568 GUI protocol [42] , which involved an initial steepest decent minimisation followed 569 by a series of equilibrations with 5 fs to 10 fs timesteps for a total of 20 ns with a 570 Berendsen barostat (4.0 ps coupling constant) [43] . During these equilibrations the 571 position of the protein was restrained with 1000 kJmol -1 nm -2 harmonic restraints on 572 the backbone atoms. Following this production runs of up to 40 s (see Table 1 ) 573 were generated with a 10 fs timestep and analysed as described elsewhere. For all 574 production runs, the Parrinello-Rahman semi-isotropic barostat was used with a 575 12.0 ps coupling constant [24] . Repeat simulations were performed for all systems 576 by assigning random velocities from the stage after which the initial system had 577 been generated from CHARMM-GUI [38] .
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The Lennard-Jones potential was cut off using a Potential shift Verlet scheme at long ranges. The reaction field method was used for the electrostatics, with 581 dielectric constants of 15 and infinity for charge screening in the short and long 582 range regimes, respectively (as recommended for use with MARTINI2). The short 583 range cut-off for both the non-bonded and electrostatic interactions was 1.2 nm. The then comparing this number to the number expected in the bulk of the membrane using the procedure described by Corradi et al [10] . The enrichment maps were 602 generated by first determining the 2D density map of the membrane using tools 603 developed by Castillo et al[46] . Following this enrichment was determined using 
